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ABSTRACT 
Modem critical care is characterized by the collection of large volumes of data and 
the making of urgent patient care decisions. The two do not necessarily go together easily. 
For many years the hope has been that intensive care unit (ICU) data management systems 
could play a meaningful role in ICU decision support. 
In their daily work, clinicians have to process vast amount of information for their 
decision and in most of the time they have to make decision under stress due to the life 
and death situation in ICU. The need to deliver cost-effective and medically effective 
critical care brings computers to the ICU bedside. The demands for these kinds of 
improvements in medical practice are converging on a computer industry that is beginning 
to deliver inexpensive, high-powered computer systems and networks to hospitals. Thus, 
we believe that executive information system (EIS) for decision support for the care of 
critically ill patients in ICU is an inevitable trend for the future ICU operations. 
An executive information system, commonly used in business field, provides top 
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management with on-line access to critical information for business decisions. The 
information provided is often in easy to understand format. Such system would be a great 
help for ICU clinicians for their daily decision making. However, an EIS for ICU is 
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virtually non-exist in Hong Kong. To the best of our knowledge, there are only a few 
papers in the literature have proposed EIS for the use of ICU clinicians. 
This study was conducted mainly to investigate the roles of EIS in ICU decision 
support particularly on patients' discharge. A survey and a series of interviews were 
conducted with a selected group of ICU clinicians to determine the information 
requirements, from the end-users' perspective, on such decisions for a potential EIS.. 
f 
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CHAPTER I 
INTRODUCTION 
Intensive Care Services 
Intensive care clinicians continually face the task of predicting outcomes and 
identifying patients who may benefit from intensive care and ultimately survive 
hospitalization. Since the inception of intensive care units (ICU), technologic advances 
in intensive care medicine have radically altered the scope of medical care to the point 
where prolongation of life represents the rule rather than the exception. Patients and 
their families often seek prognostic estimates to help them make difficult decisions and 
cope with the physical and emotional stresses of life-threatening illness and prolonged 
ICU stays. 
As ICUs have proliferated, the services they provide have come under carefiil 
scrutiny, especially in view of heightened concerns about growing financial and 
economic inequities in the health care sector. In the United States, ICUs account for 
only 5 to 7% of all hospital beds yet they consume between 15 and 20% of all 
hospital budgets, a level amounting to nearly 1% ofthe nation's gross national product 
[Bekes 1988, Jacobs 1990]. Therefore, emerging concerns focus on the effectiveness 
and ultimate benefit of intensive care. Some patients admitted to an ICU may receive 
lifesaving care that results in a return to good health, whereas ICU admission and the 
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subsequent aggressive intervention may only prolong suffering and delay the inevitable 
demise of others. 
Limited resources and curtailed reimbursement, coupled with growing 
questions about the efficacy of ICU care, have dictated the need for sound, objective 
measures of the outcome of patient care. Implicitly and even subconsciously, clinicians 
in all specialties make routine prognostic assessment of patients and incorporate these 
intuitive predictions into clinical regimens. All too often these assessments are highly 
uncertain and lead to great variability in decisions concerning ICU admission, 
discharge and intensity of treatment. Factors such as bed availability, patient's age, and 
even personal bias and clinicians' zeal also influence ICU admission and clinical 
practice. 
Because of these concerns about the growing scarcity of resources and the 
inherent uncertainties of qualitative clinical assessment, several quantitative indices, 
specific for the intensive care patient, have been developed with an intention to provide 
the ICU clinicians with an objective and reliable measure of severity of illness and 
probability of survival. 
Clinician As An Information Processor 
When assessing a patient for admission, discharge and possible outcome from 




In general, increasing age is associated with a reduced ability to recover from a 
critical illness. 
2. Past Illnesses 
The nature and severity of a pre-morbid medical condition will affect outcome. 
A detailed understanding of the patient's past illness is of major in^ortance. 
Preexistent illnesses will reduce physiological reserve. 
3. Current Illness 
The severity and extent of the current illness has, obviously, a major intact on 
outcome. Many diseases can be accurately staged, and prognostic information obtained 
from this assessment. 
4. Response To Treatment 
Depending on the illness, the likelihood of recovery may be reasonably assessed 
after a defined period of time. Recovery and response to treatment vary according to 
the patient, the disease and the resources available. With adequate understanding of 
each case, it is reasonable to set a time, at which absence of clinical inq)rovement 
would indicate a reassessment. It is well recognized that prolonged Intensive Care is 
associated with increasing mortality / morbidity, as a fimction ofthe severity of illness. 
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5. Social Circumstances 
Considering of the patient's social situation will often give insight into the 
nature of the medical problem. It is in^ortant to consider the patient's family when 
making decisions regarding intensive care. The nature and prognosis of the illness 
should be clarified. Time may be required to allow close relatives to form realistic 
expectations and goals, and repeated discussions are often necessary. 
6. Future "QuaHty of Life" 
The most difficult area in outcome prediction is the estimation of the quality of 
life, should the patient survive. High probabilities of permanent, severe physical or 
mental incapacitation, and subsequent intolerable distress, may influence continuation 
of "all out" aggressive therapy. Unfortunately, it is extremely difficult to discern the 
extent of disability the patient may wish to tolerate. Care must be taken to avoid using 
one's own perceptions without consideration for the patient's and family's viewpoint. 
In today's society, health care resources are finite. Decisions are necessary 
regarding the admission and discharge of patients unlikely to do well into over-
burdened ICUs. Clear admission and discharge criteria are necessary. Prognostic 
stratification, based on numerous criteria can give guide to admission, discharge and 
treatment decisions. 
To date, very little work has been done to compare the predictive power of the 
scoring systems. Analysis of 1997 patients using the Acute Physiology Score 
(APACHE without the chronic health evaluation), SAPS and MPMs, showed little 
difference between any system in predictive ability over a wide range of scores 
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[Lemeskow 1987]. All systems showed that increasing severity of physiological 
derangement was associated with increased mortality. 
In the past ten years there has been an e onential growth of data and partially 
processed information in medicine. Morris and Gardner [Moms and Gardner 1992] 
followed one patient in their ICU institute. They counted 236 different variables being 
followed for this patient. This list did not include all data and, though many variables 
changed as a fimction of time, did not include repeated (serial) measurements. It 
included variables in the following categories: hemodynamics, hemogram, urinalysis, 
ECG, blood chemistry, special blood chemistry, urine chemistry, bacteriology, bone 
marrow, nutritional balance, coagulation, ten^erature, weight, and medications. It was 
questioned whether any mere mortal could effectively assimilate all the variables and 
come to the "right clinical treatment decision" for this severely ill patient. Even 
acknowledging that not all variables are necessary for every treatment decision and 
that not all the data are independent, it still seems likely that most clinicians would 
have difficulty dealing systematically with this large mass of clinical data. The clinicians 
who attempts to integrate knowledge from the pertinent literature with all patient data, 
including results of the physical examination, frequently faces a difficult task. 
In critical care, computer applications have made multiple contributions, from 
coordinating data to assisting in medical decision-making. In most of these applications 
the digital corqputer system has been used as a tool to aid in the management and 
processing of large amounts of clinical data. Computers can be expected to play an 
increasingly in^ortant role in medical practice, although there is some controversy 
over the exact role con^uters should fill. 
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Medical decision support is a major element of the Health Evaluation through 
Logical Processing (HELP) hospital information system. The concept of providing the 
practicing clinicians with decision-making aids such as a computer tool that is capable 
of dealing with large amount of data and of applying a well-defined set of decision-
making rules is attractive. Interpretation of a patient's laboratory test results is one of 
the sirq)lest applications of computerized medical decision-making. Computerized 
interpretations provide uniformity and prevent such common mistakes as errors in 
computation, transcription, and non-congruence of units. The rapid availability of the 
results and interpretations provides information that would not normally be obtained 
manually, because clinicians and nurses are so busy. 
A more comprehensive application of computers in medical decision-making is 
the use of con^uterized protocols to aid and guide physicians in the conduct of a 
patient's therapy. It provides recommendations and a standard set of default orders 
that ensure an adequate standard of care. The climcians can, however, change the 
standard orders within constrains determined by patients' laboratory values. The 
options for tailoring an order to a particular patient's needs are therefore limited by the 
patient's state and the patient's laboratory values. 
Facing explosion of medical data and information in Intensive Care Units, 
clinicians hope that some aids in decision-making can be obtained from computers to 
help them in managing the patients as well as admitting and discharging the patients. 
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Executive Tnformation System (EIS) For Intensive Care Services 
An executive information system, commonly used in business field, provides 
top management with on-line and easy access to information that is necessary for their 
decisions. Both internal and external data are stored. The information provided is often 
in a graphical format. It is especially appropriate for supporting management's 
controlling responsibilities. Some EIS also include projected trends and data analysis 
capabilities. Wlien this is the case planning responsibilities are also strongly supported 
by the EIS. More than any other type of CBIS, executive information systems are used 
directly by top executives. 
The impetus for the creation of an EIS comes from a number of sources. 
Commonly there is an organizational champion who pushes for its development. There 
may be a specific organization problem or situation that motivates its creation. The EIS 
may be viewed as a way of making executives more efficient and effective. Its 
development may be used as signal to others that information technology should be 
used in the organization. Advances in cort^uter hardware and software as well as 
increasingly con^uter-literate management group makes EIS all the more possible. 
Given this background on EIS in business organization, it is suggested that EIS 
can help physicians to manage vast information load in Intensive Care Unit and also to 
assist medical decision-making especially in the discharge ofthe patients from the ICU. 
Scope Of The Study 
When designing an EIS, determining the users' information requirements is 
especially important. A recommended approach is to identify the users' critical success 
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factors (CSFs) [Rockart 1979] and then to decide what information provides insights 
about how well the CSFs are being accomplished. Critical success factors are those 
things that an executive feels most important to be a success in carrying out his or her 
job responsibilities. In this study, we are going to identify the critical success factors / 
for a clinician in ICU and the information required to facilitate each of the factors. The 
information requirement includes the information contents as well as the presentation 
methods. Our focus is fiirther limited on the decision for patients' discharge. 
However, the acquisition of the information from various sources and the 
technical issues of information integration for such EIS are considered outside of the 
scope for this study. 
The Organization Of The Remaining Report 
The global view of the intensive care services and the application of executive 
information system in ICU are discussed in this chapter. Chapter H will be 
concentrated in the literature review of various scoring systems in ICU, executive 
information system and the methods of information requirements determination for 
EIS. Chapter m will be devoted to the discussion of the research methodology. The 
results and findings will be summarized in chapter IV. The data and findings will be 
analyzed and discussed in chapter V. Finally, the conclusion of this study will be drawn 





This chapter is devoted to the review of previous works on: 1) the scoring 
systems for predicting patients' outcome and its use on decision making of patients' 
discharge in ICU; 2) the uses of EIS on decision support systems; and finally 3) the 
methods of obtaining the information requirements in EIS. 
Sickness Scoring Systems 
Several scoring systems have emerged over recent years, in an attempt to 
statistically quantify the relationship between disease severity and outcome. The major 
scoring systems are discussed below. 
1. Acute Physiology and Chronic Health Evaluation n (APACHE 11) 
The APACHE n severity of disease classification was devised by Knaus 
[Knaus 1985] in an attempt to stratify prognostic groups of critically ill patients, as 
well as determine the success of different forms of treatment. The original APACHE 
score was based on 34 physiological parameters (the Acute Physiology Score [APS]), 
and a subjective assessment of the severity of chronic, intercurrent disease, but was 
found to be too cumbersome for routine clinical use. APACHE n was developed as a 
• , 
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simplified, clinically useful classification, using 12 easily measured variables (APS) and 
an evaluation of pre-morbid health. Although debate has occurred on the timing of 
assessment, it is recommended that the worst score over the first 24 hours following 
ICU admission be used. The 12 parameters comprising the APS are: 
• Temperature f C ) 
• Mean arterial pressure (minHg) 
• Heart rate (beats/roin) 
• Respiratory rate (respirations/min) 
• Alveolar-arterial oxygen gradient (A-aDO:) of fractional inspired oxygen 
(Fi02) is 0.5 or greater or Pa02 ifFi02 is less than 0.5. 
• Arterial pH 
• Serum sodium (mmol/1) 
• Serum potassium (mmol/1) 
• Serum creatinine (mg/100ml) 
• Haematocrit (%) 
• Leucocyte count (cells/mm ) 
• Glascow coma score (GCS) 
Depending on the degree of derangement, a weighted score is assigned to each 
parameter (APS). The maximum possible score is 71, although nearly all patients have 
scores much lower than this. Increasing scores correlate with higher hospital mortality 
and reflect a poorer outcome. 
It is argued that expected death rates based on the APACHE H score may be 
con^ared to actual death rates as a means of judging therapeutic efficacy. The score 
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may also be used to assess the effects of different treatment modalities. Although these 
concepts are tenable, care must be used in the application of raw scores across 
different hospitals and health care systems, each with varying practices and biases. 
Furtker studies are required to assess these iir^ortaiit consideration. 
Whilst the score was not designed originally to influence patient management 
decisions, it may provide the clinician with more information to guide fixture decisions, 
particularly with respect to the probability of hospital death. An APACHE n trend 
analysis may be more appropriate, utilizing sequential APACHE score fixed intervals 
(e.g. daily), and noting the rate of change relative to the last score. However, there is 
sufficient APACHE H score overlap in survivors versus non-survivors in many 
diseases, to be cautious in its widespread application as a predictor of mortality. 
2. Sickness Scoring 
Several variants ofthe APACHE H score have been developed in an attempt to 
enhance its prognostic ability. One such system is Bion's "sickness score" (SS) [Bion 
1985]. Using a APACHE n "template", modifications are made. It was postulated, as 
the ICU is a place where acute physiological disturbances could be remedied, that the 
response to treatment was important as a prognostic indicator. 
Increasing SS was associated with higher mortality, as was a sequential rise 
over time, indicating a lack of response to treatment. The admission SS correctly 
identified 80.6% of survivors and 70.4% of non-survivors. Trend analysis enhanced the 
predictive accuracy. However, decisions to continue or withdraw intensive care should 
be based on clinical judgment, with an appreciation of the changing SS as another 
marker of disease severity. 
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3. Simplified Acute Physiology Score (SAPS) 
LeGaU [LeGaU 1984] reduced the former 34-variable APACHE score to 14 
easily definable parameters, similar to the current APACHE H score. Minor variations 
to account for ventilated patients were made. The conclusions were similar to results 
obtained from the APACHE II and SS studies. With increasing SAPS, mortality 
increased progressively, although disease-related mortality / SAPS correlation has, to 
date, not been published. 
4. Mortality Prediction Models (MPMs) 
Lemeshow [Lemeshow 1987] devised MPMs based on multivariate statistical 
analysis of a large cohort of adult general intensive care patients. The predictive ability 
of these models to assess mortality risk is similar to the scoring systems cited above. 
Serial assessments may be more accurate in predicting fixture mortality. The system 
may be more elegant, in that admission diagnosis is not required. A series of true/false 
questions are answered, and these are weighted according to their individual 
contribution to mortality. The predictive ability of sequential MPMs is approximately 
74-80%, which still leaves enough inaccuracy to limit its usefiilness as a tool for 
making decisions affecting outcome without resort to clinical judgment and e^erience. 
5. Therapeutic Intervention Scoring System (TISS) 
TISS was developed in 1974, and updated in 1983 in response to changing 
technology and new procedures [Keene 1983 CuUen 1974]. By assigning a score to 
those procedures performed on patients in the ICU, an indicator of the severity of 
illness, and perhaps prognosis, could be inferred. In addition, the establishment of the 
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appropriate nurse / patient ratio and staff / bed utilization could be established. An 
acceptably high TISS in the setting of continued active treatment would suggest that 
discharge from the ICU was inappropriate. 
Whilst TISS has been shown to be valuable from a unit administration 
standpoint, its inability to predict death in an individual mitigates its use as a serious 
prognostic indicator. TISS points are clinician-dependent. As medical practices are 
different at each institution, so are the potential therapeutic intervention performed. 
6. Other Scoring Systems 
Whilst multivariable scoring is helpful in the critically ill, a uni-system disease 
severity score may, by itself be of major prognostic importance, even in the setting of 
multi-system disease. Common scoring systems include the injury severity score (ISS), 
Glascow coma scale (GCS), trauma score and the abbreviated bum index ...etc. 
Current research efforts are directed toward in roving the accuracy and utility 
of prognostic scoring systems. The value of assessing severity of illness will become 
apparent to the clinicians at the bedside when information is provided in real time to 
assist in individual patient decision-making. The capability of prognostic systems to 
provide this information will become a reality as current efforts to automate data 
collection are achieved. As data bases continue to e and, improvement and 
refinement in the predictive ability of these systems will be possible. 
Serial predictions over time [Bion 1988] may prove to have clinical utility. 
Intuitively, patients who in^rove rapidly with ICU care are more likely to have 
successful outcomes. Investigators using the MPM have published models using that 
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system at 48 and 72 hours into ICU care. Others have used a modification of 
APACHE n to stratify the likelihood of ICU survival and eventual hospital discharge 
over time. These results indicate that proportional changes in scores between ICU 
admission and the fourth day of ICU stay were accurate in predicting outcome for 87 
percent of survivors and 75 percent of non-survivors. 
As prognostic scoring systems' data bases grow and are refined they should 
become useM for individual prognostication and provide assistance with these 
decisions especially the discharge and admission ofthe patients. 
The Society of Critical Care Medicine [Society of Critical Care Medicine 
1988], through its Task force on Guidelines, has developed a guideline for hospitals in 
the formulation of admission and discharge policies for ICUs. In general, an ICU 
provide services that include both intensive monitoring and intensive treatment. During 
times of high utilization and scare beds, patients requiring intensive treatment (priority 
1) have priority over monitoring (priority 2) and terminally or critically ill patients with 
a poor prognosis for recovery (priority 3). 
Eligibility for ICU discharge is also based on reversibility of the clinical 
problem as well as the likely benefits of ICU treatment and expectation of recovery. 
Priority 1 patients are discharged when their need for intensive treatment is no longer 
present or when treatment has failed so that short-term prognosis is poor, and there is 
little likelihood of recovery or benefit from continued intensive treatment. Priority 2 
patients are discharged when intensive monitoring lias not resulted in a need for 
intensive treatment and the need for intensive monitoring is no longer present. Priority 
3 patients are discharged when the need for intensive treatment is no longer present, 
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but tkey may be discharged earlier if there is little likelihood of recovery or benefit 
from continued intensive treatment. 
Patients who are vmlikely to benefit from continued ICU treatment include: a) 
patients of advanced age, b) patients who are brain-dead or vegetative, c) patients for 
"comfort care only", d) patients with protracted respiratory failure, e) patients with a 
variety of terminal illness, and finally f) physiologically stable patients who are at low 
risk of requiring unique ICU treatment. 
In considering the discharge of patients, whenever possible, objective measures 
of illness and prognosis should be stressed before reaching decisions to continue, limit, 
or terminate ICU support. 
Executive Ttiformation Systems (EIS) 
Con^uter-based information systems (CBIS) that support the firm's top 
executives first appeared in the late 1970s. Previous atten^ts to provide corq)uter 
support for executives (e.g., management information system (MIS) and decision 
support systems (DSS)) have not been highly successful. MIS produce detailed reports 
for lower level managers and staff personnel. DSS are mainly used by middle managers 
and staff for data analyses. 
The relatively recent advent of EIS results from several factors, include the 
nature of executives and improved hardware and software technology. Executives 
typically do not have keyboarding skills and do not have time to be trained in the use 
of a CBIS. Further, many executives have reached their positions without using 
computers and are skeptical about the need to learn to use them at this point in their 
ft 
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careers. However, in^rovements in hardware and software (e.g., mouse, touch screen, 
color graphic monitors, menus) have made CBIS much easier for executives to use 
with minimal training. 
It is well demonstrated that EIS overcome many of the limitations associated 
with previous CBIS to provide support for the organization's top executives. Rockart 
and Treacy [Rockart and Treacy 1982] note that the information flow to the apex of 
the corporate pyramid will be changed by EIS. The reason given is that corporate 
executives now not just consumers of information; rather, through their EIS, they are 
participating in the process of defining the information they want and developing the 
systems to deliver it. 
Houdeshel and Watson [Houdeshel and Watson 1987] describe executive 
information systems are the least con^uterized attempt to help satisfy top 
management's information needs. These systems tend to have the following 
characteristics which differentiate them from MIS and DSS: 1) they are used directly 
by top managers without the assistance of intermediaries; 2) they provide easy on-line 
access to current information about the status ofthe organization; 3) they are designed 
witk management's critical success factors (CSFs) in mind; and 4) they use state-of-
the-art graphics, conmimications, and data storage and retrieval methods. 
The limited reporting of EIS suggest that these types of systems can make top 
mangers hands-on users of computer-based-systems. While a number of factors 
contribute to their success, one ofthe most important is ease-of-use. Because an EIS 
usually provides little analysis capabilities, it normally requires only a few, easy to enter 
keystrokes. Consequently, keyboard skills, previous training and experience in using 
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computers, concerns about loss of status, and perceptions of how one should carry out 
job responsibilities are less likely to hinder system use. 
Information Requirements Determination For EIS 
In order to determine the information requirements for an executive 
information systems, two levels of should be considered [Watson and Frolick 1992]: 
(1) organizational-level information requirements and (2) application-level information 
requirements. They also identified four strategies for determining information 
requirements: (1) asking, (2) deriving from an existing information system, (3) 
synthesis from characteristics of the utilizing system, and (4) discovering from 
e^erimentation with an evolving information system There may be a variety of 
specific methods that can be used with each strategy. These strategies are applicable at 
both the organizational and application level. The best strategies or method to use are 
dependent on the characteristics of the environment in which the determination of 
requirements is conducted. The key characteristics are the utilizing system, the 
information system or application, the users, and the analysts [Wetherbe 1991]. 
The information requirements assessment methods for EIS can be 
conceptualized along two dimensions (FIGURE 1). One dimension deals with the 
source that the analyst uses to determine the information requirements. These sources 
are either direct interaction with the executive or indirect interaction with the 
executive. Indirect interaction typically involves the executive's support staff. The 
second dimension deals with the method by which the analyst determines the 
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FIGURE 1 
METHODS FOR ASSESSING EIS INFORMATION REQUIREMENTS ‘ 
Non-computer Related Computer Related 
Direct • Participation in strategic • Collaborative work system 
Executive planning sessions sessions 
Interaction • Formal CSF sessions 
• Informal discussions of 
information needs 
• Tracking executive activity 
Indirect • Discussions with support • Software tracking of EIS usage 
Executive personnel • Examinations of corr^uter 
Interaction • Examination of non-computer generated information 
generated information 
• Attendance at meetings [ _ _ 
a (adapted from EIS - Determining Information Systems, Watson and Frolick, 
Tnformation System Management, Spring 1992, Page 40) 
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information requirements. These information requirements can be determined by either 
a non conqmter-related maimer or a computer-related manner. 
In the survey conducted by Watson and Frolick [Watson and Frolick 1993], 
respondents were asked to identify what methods were used for the initial and ongoing 
versions of their EIS. Discussions with executives are most vital to determining EIS 
information requirements in both the initial and ongoing phases of an EIS. 
However, a variety of problems may be encountered in discussing with 
executives for assessing the information requirements. Executives are often able to 
accurately identify only a portion of their information needs. Adding to the problem are 
perceptual biases that are inlierently associated with human memory and recall abilities 
[Valusek and Fryback 1985]. Because of these weaknesses in humans' information 
processing abilities, executives may not be able to accurately describe their information 
requirements. 
There can also be problems when the executive and the interviewer fail to 
understand each others limitations [Yadav 1983]. The interviewer may not know that 
actual information requirements are likely to differ from what is stated by the 
executives. The executives, on the other hand, may assume that the interviewer can 
develop a good system even if information needs are not fiilly specified. These 
problems can be minimized by using interviewers who have an established, successM 
working relationship with the executives who support the EIS project. The asking 
strategy also assumes that the interviewer has fiall access to the users. In reality, it is 
unlikely that the interviewer will be able to secure as much ofthe executive's time as 
desired. 
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Future Direction Of EIS In Intensive Care 
Faced to the rapid changing technologies in ICUs, Gardner and Shabot 
[Gardner and Shabot 1993] have identified seven broad areas which are thought to 
determine the pace ofthe future of computerized decision support in critical care: 
1. Human, cultural, and sociological issues relating to how computers will be used in 
the intensive care unit. 
2. Standardization in medicine and the ability to share medical knowledge will be 
essential. 
3. Expanded medical knowledge will lead to better patient care. 
4. Hardware and software will continue to advance at a rapid rate. 
5. Data acquisition methods and instrumentation will provide more accurate, timely, 
and less expensive measurements. 
6. Sharing of computer and clinical knowledge in computer form will become 
conmon and encouraged by government and the clinical community. 
7. Better methods for prognostic decision-making will enable clinicians and society 
to make better ethical decisions about health care. 
They also provide six guiding principles for designing computers for use by 
kumans: 
1. Computer systems that are created for the workplace need to be designed with fiiU 
participation from the users. Full participation, of course, requires training and 
active cooperation, not just token representation in meetings or on committees. 
2. When conoqputer systems are brought into a workplace, they should enhance 
workplace skills rather than degrade or rationalize them. 
21 
3. Computer systems are tools, and need to be designed to be under the control of 
the people using them. 
4. Although comqputer systems are generally acquired to increase productivity, they 
also need to be looked at as a means to increase the quality of results. 
5. The design process is a political one and includes conflicts almost every step of the 
way. Managers who order the system may be at odds with the workers who are 
going to use it. 
6. Finally, the design process highlights the issues of how computers are used in the 
context of work organization. 
The proliferation of new and expensive technologies will continue to expand 
our therapeutic capabilities. Our ability to determine which of these modes of 
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diagnoses and therapies are of actual benefit will improve with the continued 
refinement of prognostic scoring systems. As prognostic scoring systems' databases 
grow and are refined they should become useful for individual prognostication and 
provide decision on patients' discharge. It is expected that the serial measurements of 
the change of the prognostic score will help to predict the outcome of patients more 
accurately and the application of decision support system, especially EIS, can provide a 




This chapter is devoted to the discussion of the methodology and approach 
adopted in this study in order to determine the role of executive information system 
(EIS) to be used in ICUs and the information requirements for such executive 
information system. 
We have already discussed the general strategies that can be used to determine 
information requirements and the problems that may be encountered when using these 
strategies in chapter n , literature review. In brief, we have adopted the 'asking 
strategy' as the method for the information requirement assessment in our study. 
In regard to setting up a EIS in intensive care unit, discussions with executives 
are considered as the most appropriate method for assessing the information 
requirements since there is no existing information system nor any utilizing system 
available yet. With this strategy, we obtains information requirements by asking people 
about their information needs. The key people to interview are the future users of the 
system; in this study, the clinicians-in-charge of the intensive care unit. 
Discussions with executives are very useful for understanding what an 
executive does and what information needs exist. In addition, discussions with support 
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personnel will also be an in^ortant method. Particularly in our study, other doctors 
working in the ICUs are in^ortant subjects. 
Though a lot of works are reported in the literature on decision support system 
on patients' outcome and treatment in ICU, there is very little being done on EIS 
application for assisting decision making on patients' discharge in ICU. Thus, 
secondary data were not readily available and therefore, primary data needed to be 
obtained. The best way to do this was adapting "asking" strategy via the questionnaire 
survey though this method has its intrinsic problems as described above. 
Survey By Mailed Questionnaires 
Our questionnaire (APPENDIX 1) is basically designed to identify different 
positions of clinicians working in ICU, their experience, their required critical success 
factors and finally the information required to facilitate these factors. 
In CSF approach to identify information requirements, there are two distinct 
phases including the initial approach (work with what information is immediately 
available) and the sustaining -enhancing phase (develop a rapport with executive users 
that enables a continuous enhancement of information contents. 
In our study, the order and the format of the questions in our questionnaire are 
so set in order to find out the critical success factors starting from the general ones to 
the specific ones which are immediately available in the medical records of ICU 
patients. 
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Questionnaires might be personally administrated in an interview or distributed 
to respondents through the mail. These two methods of administration were clearly 
very different and had different strengths and weaknesses that must be considered. 
Mailed questionnaires might represent a substantial savings in time and money 
and might also permit greater accessibility to respondents. The extra financial 
investment for a mailed questionnaire might be limited to the postage expense 
basically. Despite the benefits of using mailed questionnaires, there were problems with 
mailed questionnaires. Mailed questionnaires studies were often plugged with a low 
response rate and slow response. Subjects might take their own sweet time in returning 
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the questionnaires, resulting little means of controlling their behavior. Thus, 
respondents would have a high tendency to ignore the mailed questionnaire altogether. 
In this study, in order to overcome the problems of low response rate, the 
questionnaires will be distributed and collected by hand, thus it can ensure the 
respondents will answer the questionnaires on time. 
Personal Interview 
As discussed in the above section, in the sustaining-enhancing phase of CSF 
approach, the aim in identifying the information requirement is to develop a rapport 
with executive users that enables a continuous enhancement of information contents. 
It is shown [Watson and Frolick 1993] that the questions in the questionnaire 
are more effective and meaningful when asked in dialogue rather than in any form of 
survey. It is important to work towards these answers in the manner that best fits the 
executive. An important point is that the executive think about his / her job when 
25 
providing clues to the information requirement, rather than concentrating on the 
information itself. To avoid inconsistency while interviewing different subjects, the 
same interviewer is going to perform the interview and the dialogue is based on the 
questions in the same questionnaire. 
Survey using interviews had the same basic purposes as questionnaire studies 
but simply used different data collection procedures. Interview investigations, 
especially face-to-face interviews, were characterized by a high level of personal 
contact and interactions to gather the necessary data. That might be time-consuming 
on the part of interviews. As it was not planned to interview a large number of 
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interviewees and in light of the sensitive questions asked, it was decided that 
administrating an open-ended questionnaires in face-to-face interviews with the 
selected clinicians working in ICU be adopted. 
Generally speaking, an interview is a social interaction between the interviewer 
and the interviewee and is subject to all of the influences that affected such 
interchanges. For instance, the interviewer may be bias in questioning the interviewee 
and receiving his / her answers. 
To minimize the possible bias in face-to-face interviews, the following actions 
were taken in our study. Firstly, a questionnaire of open-ended questions was used to 
ensure that the same number of questions in the same sequence were asked. It was also 
understood that interviewer behavior was also an influential factor in the success or 
failure of our data collection process. Care was taken in creating a favorable 
impression on the respondent in order to set the stage for a successful interview and to 
convince the interviewee that our study was of sufficient value for the respondent to be 
involved. Secondly, interviewer must be familiar with the setting of the environment of 
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ICU and its administration such that this would ensure consistent way of questioning 
respondents and receiving their answers. With this concern, the author had conducted 
all the interviews personally. 
Subjects Selection 
After deciding that personal interviews of the clinicians-in-charge and 
questionnaires for the doctors working in ICU were the most appropriate means for 
collecting data for this study, criteria for the smnplo selection were established: 
1. Those hospitals should have a well-established ICU which played a significant role 
in caring the critically ill patients. 
2. Those ICUs must be highly independent to the other departments such that they 
have their own judgment on admission and discharge of patients in ICU. 
3. Those ICUs may or may not be supported by information system in their own 
hospital. 
By applying these major criteria, the following hospitals of which their 
physicians-in-charge of ICU were interviewed were identified:-
1. Yan Chai Hospital 
2. Princess Margaret Hospital 
3. Caritas Medical Centre 
In the interviews, consultants and senior medical officers are selected because 
they are in top executive position in ICU. It is assumed that they have more e erience 
and their information requirement is more specific and accurate. There are seven 
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subjects agreed to have the interviews in this study. In the mailed questionnaire, the 
sam|)le size is set at thirty and the subjects are mostly medical officers. 
Analysis 
After gathering the information requirements in ICU, we will identify the 
critical successM factors (CSFs) in determining the discharge of patients from ICUs. 
Then we will develop a number of sample screens of EIS in ICUs, of which they will 
be evaluated by the executives on the second interview. The executive will be asked 
three main questions: 1) What additional information requirements would be helpful? 
2) Which of the screens are of greatest value?; and finally 3) How would they like to 
have them changed?. The sample screens added structure to the second interview and, 
if time runs out for the meeting, the interviewees can mark up the screens at a later 
time and return them to the interviewer. 
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CHAPTER IV 
RESULTS AND FINDINGS 
This chapter is devoted to the discussion of the findings ofthe survey. In brief, 
it is divided into two parts. This first part will concentrate on the findings ofthe results 
from the questionnaires (APPENDIX 1). The second part will summarize the ideas 
fi-omtke interviews with the seven respondents and their evaluation of EIS concerning 
the information requirements in the decision-making ofthe discharge ofthe patients in 
Intensive Care Units (ICUs). 
Basically, the interviews had been arranged with seven doctors working in 
Intensive Care Units including four consultants and three senior medical officers. All 
the seven doctors had also filled up the questioimaires. Another thirty questionnaires 
had been sent to other doctors with working experience in ICU. 29 out ofthe thirty 
questionnaires had been collected back. Thus, there were total 36 subjects in this study 
including seven doctors who had shared their ideas in the interviews. 
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Part 1 - Questionnaires 
Background 
In this session, there were total 36 respondents including 4 consultants, 3 
senior medical officers and 29 medical officers. (TABLE 1). Most of them are 
currently working in departments of medicine (50%) and intensive care unit (39%). 
Only minority of them (11%) are working in surgical department and other 
departments. (TABLE 2). 
Their post-graduate working experience varied from 1 year in the junior staff to 
10 years in the senior staff with average working experience of around 4 years; 
whereas their experience in Intensive Care Unit varied from 3 months to 6 years with 
average of 17 months. (TABLE 3). 
Most of them (about 83%) used the computers for their own purpose and 
about 70% used the computers in their daily job. Despite majority (about 78%) 
thought that decision supporting system can help to make decision on patient's 
discharge in ICU, only 2 respondents were aware of EIS being used in their hospitals. 
Evaluation 
Almost all of them (35 out of 36) came across some forms of information 
system previously in their hospital. However, 75% of them did not satisfy with the 
current channel of distributing the necessary information to them; 72% did not satisfy 
with information system in fulfilling the infonmtion qualities (i.e. accurate, 
comprekensive, relevant reliable, timely and unique); and 61% did not satisfy with the 
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information system in fiilfiUing the information access characteristics (i.e. convenient, 
controllable, immediate, inexpensive, responsive and reliable). In general, overall 69% 
ofthe respondents did not satisfy with their existing information in their hospitals. 
Information Demand 
In raBLking the information qualities according to their significance in helping to 
do the job better in ICU, 'accurate' was given the highest grade. The second was 
‘reliable, and then followed by 'relevant', 'comprehensive', 'timely' and 'unique'. 
(FIGURE 2). 
In determining the types of mformation that should be included in order to 
facilitate tke decision on the discharge of patients, most of the respondents initially 
would like to include all the following types of mformation in the computerized clinical 
information system: 1) current patient-related information (97%); 2) historical 
patient-related information (94%); 3) patient's demographic information (89%); 4) 
medicine-related information (94%); 5) scientific-diagnosis related information (97%) 
and 6) scoring system (86%). However, after specifically ranking the individual types 
of information according to their relative in^ortance in helping to make decision on 
patients' discharge in ICU, information's including bedside monitor, laboratory data 
and blood gas in the category of scientific-diagnosis related information were ranked as 
the top three in the level of significance. (FIGURE 3). 
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Preferred Information Channel 
In determining the preferred information channel, 'convenient' was ranked by 
tke respondents as the most significant information access characteristics which was 
then followed by 'reliable', 'immediate', 'inexpensive', ‘controllable, and finally 
'responsive'. (FIGURE 4). 
Lastly, most of the respondents (about 70%) would like to have self-operating 
on-demand visual display report(s) either alone (42%) or supplemented with on-
demand hard copy report(s) (28%) as the preferred means to obtain the information 
that they required. (FIGURE 5). 
Part 2 - Interviews 
Background 
Seven interviews were arranged with four consultants and three senior medical 
officers. They had also filled up the questionnaires as the other subjects. In the 
interviews, the subjects of the discussion were mainly based on the questions in the 
questionnaires. Instead of fixed answers that were set in the questionnaires, the 
interviews were an opened end discussion. 
Evaluation 
In general, all of the interviewees, to a certain extent, did not satisfy the 
existing information system in their hospitals. M of them thought that the existing 
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systems were not user-friendly and they were not feasible in most of time. They 
thought that there should be some room of irq)rovement in the current system in order 
to help them to do their job better. 
Iiiformation Demand 
Concerning the decision-making on the discharge of patients from ICUs, they 
thought that it was the most difficult task for them to do in their daily work. In most of 
the time when they made these decisions, they considered not only the scientific 
parameters of that patient which could be used to predict the outcome of that patient, 
but also other factors including ethical consideration, family's attitude, bed availability, 
resources, the list of patients waiting for intensive care, rehabilitative value of the 
patients ...etc.. In Chinese culture, the consideration ofthe family's attitude especially 
should not be forgotten during the decision-making. Therefore, the final decision-
making on patients' discharge was still dependent upon the clinicians' judgment. 
The interviewees did agree that the sickness scoring systems were important in 
predicting the outcome of the patients but should not be used solely as the major 
determinants on patient's discharge. In most of the time, even when they treated 
different patients with the same admission diagnosis and problems, they looked at 
these patients individually and preferred to look into each individual scientific 
parameter separately rather than just had a global score ofthe severity of patient's 
condition. 
Although all the interviewees would not solely base on scientific-diagnosis 
information to make decision on patients' discharge, one ofthe interviewees [Yeimg 
1995] expressed that there were potential uses for sickness scoring system in triage 
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decisions. Triage was the screening of patients to determine their priority for 
treatment. In the critical care setting it involved decisions that affect both the 
admission and discharge of patients from the unit. A central issue in the triage of 
patients is the allocation of resources to ensure appropriate and maximal potential 
outcomes, for individuals, while using resources in the most effective overall manner. 
They agreed that the pressure to move patients into and out ofthe ICU could 
vary enormously between institutions, depending on a variety of factors. These 
included the size, location, and case mix of a hospital, as well as local practice styles. 
Bed availability and hospital protocols influenced decisions to admit and discharge as 
well. There was growing concern that patent outcome may be affected by the 
selection criteria used to exclude patients form critical care services. To fiilly evaluate 
these issues, an accurate assessment of patients' clinical characteristics prior to ICU 
admission was required. Using such an evaluation, clinicians would be able to better 
select those patients in greatest need of critical care services. Furthermore, it might 
allow for a more objective determination of those most likely to benefit maximally 
from ICU service. These determinations could help structure discharge for patients 
who were stable and were unlikely to receive active therapeutic intervention, as well as 
those destined to die regardless of treatment. 
One ofthe interviewees [Luk 1995] pointed out that current research efforts 
were directed to improve the accuracy and utility of prognostic scoring systems. The 
value of assessing severity would become apparent to the climcian at the bedside when 
information was provided in real-time to assist in individual patient decision-making 
The capability of prognostic systems to provide this information would become a 
reality as current efforts to automate data collection were achieved. As databases 
ft 
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continued to expand, improvement and refinement in the predictive ability of these 
systems would be possible. 
She also mentioned that there were evidences showing serial predictions over 
time may prove to have clinical utility. Singly speaking, patients who in^roved rapidly 
with ICU care were more likely to have successful outcomes. 
Preferred Information Channel 
In the interviews, all the interviewees pointed out that the time required for the 
clinicians and other health care personnel to interact with the computer was critical. 
The system should be reliable, fast, have minimal delays (immediate), and be user-
fiiendly (convenient). With little or no training the user should be able to find the 
desired clinical information and generate reports. The menus or graphic screen design 
should be logical and easy to follow for the novice. Wherever possible the system 
should be flexible so that users could create their own menus or reports to satisfy 
special needs. This capability should be controlled, however, for the stability of the 
entire system. 
Moreover, they mentioned that the organization and display of workstation 
screens and printed reports could be crucial to the care of the patient and to the 
acceptance of the system by the clinical team. With an integrated database many 
options should be available, and the data should be organized in different formats for 
(jifferent functions and purposes. The preference of the clinical care providers was 
crucial because they were the primary users. They also suggested that reports should 
be used to integrate data and ein^hasize specific areas of related information. Certain 
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data should be flagged to focus attention on problems. Interpretations could be 
generated to help those who might be unfamiliar with the meaning of the data. Graphs, 
tables, and charts could be used to show trends or to correlate information. One of the 
interviewees [Yan 1995] indicated that because most of the patients only stayed in 
ICUs of short duration, 'trends' display format might not be too useM in these 
patients and thus the formats of the report were dependent on the situation of the 
problems and the preference of the end-users. Some users preferred graphs, while 
others wanted to see the data in digital format. There was no one "right" answer to 
this issue, and successM systems should offer the user a choice of display methods 
which was self-operating. They stressed tliat the design of screens and reports was 
both an art and a science and was crucial to the success and utilization of the system. 
One of tkem [Yeung 1995] expressed that because it was difficult for clinicians to 
remember large volumes of prior data, the display of previous data along with current 
data was very useM. He recommended that it should be routine to use this type of 
display for laboratory data and physiologic parameters in the bedside setting. 
In summary, the report generation should have the following characteristics: 1) 
generation of reports of variable formats (i.e. flow charts, graphs, trends, sunimary 
reports, unit reports …etc.) (APPENDIX 2) [Kanus and Sirio 1994]; 2) data 
availability at multiple sites; 3) free data communications within various health care 
team; 4) elimination of redundant entry; 5) increased structure in reports -
standardized, predictable and efficient for reviewing patients' data (APPENDIX 3) 
[Gardner 1994]; 6) greater accuracy of computer-generated reports; and 7) current 
information updating continuously. 
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Finally, most of them agreed that the display should be an on-demand mode 




POSITIONS OF RESPONDENTS 
Positions Number Percent 
Consultants 4 11.1% 
Semor Medical Of&cer 3 8.3% 
Medical Officer 29 80.6% 
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TABLE 2 
DEPARTMENTS / DIVISIONS 
Departments Number Percent 
Intensive Care Unit 14 39% 
Medical Department 18 50% 
Surgical Department 2 5.5% 




Postgraduate Experience ICU Experience 
Maximum 120 months 72 months 
Minimum 12 months 3 months 
Average 49.2 months 17 months 
40 
FIGURE 2 
RELATIVE SIGNIFICANCE OF INFORMATION QUALITIES 
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FIGURES 
RELATIVE IMPORTANCE OF TYPES OF INFORMATION 
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FIGURE 4 
RELATIVE SIGNIFICANCE OF INFORMATION ACCESS CHARACTERISTICS 
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FIGURES 
PREFERRED INFORMATION CHANNELS 
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CHAPTER V 
ANALYSIS AND DISCUSSION 
This chapter is devoted to the discussion of 1) the analysis of findings in this 
study in order to determine the information requirements and its display format of EIS 
in ICU; and 2) the evaluation on the determination of information requirements during 
the survey and its possible solutions. 
Analysis Of Results And Findings 
Evaluation 
Based on the questionnaires and the interviews, almost all of the clinicians 
working in ICU did not satisfy with their current information system; particularly the 
information qualities, information access characteristics and means of channels. 
Most of the clinicians did agree that a corqmter aided decision system, for 
example, executive information system would assist them to make decisions on 
patients' discharge in ICU. 
In this study, it was shown that the expected EIS for ICU should be reliable, 
fast have minimal delays (immediate), and be user-fiiendly (convenient) in FIGURE 4. 
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With little or no training the user should be able to find the desired clinical information 
and generate reports. The information shoiald be accurate, reliable and relevant 
(FIGURE 2). The menus or graphic screen design should be logical and easy to follow 
for the novice. Wherever possible the system should be flexible so that users could 
create their own menus or reports to satisfy special needs. This capability should be 
controlled, however, for the stability ofthe entire systertL 
Information Requirement 
Concerning the information requirement, they would like to include all the data 
in the existing medical records into the executive information systertL However, among 
all these data, the two most in^ortant and significant information requirements in 
determining patients' discharge were the scientific-diagnosis related information and 
the score of the sickness scoring system. Within the scientific-diagnosis related 
information, they identified that 1) bedside monitoring data including heart rate, blood 
pressure, cardiac output, cardiac rhythm, ECG, respiratory rate, ten^erature and 
oximetry; 2) laboratory data including biochemical, hematological, microbiological and 
pathological results; and 3) blood gases were the most important elements in decision-
making. It was then followed by clinical observations, drugs - input / output 
intravenously administration and finally other radiological investigation (FIGURE 3). 
In addition to these two categories of information, the information requirement should 
also include historical patient-related information, current patient-related information, 
medicine-related information and patient's demographic information. Of course, they 
were of lower priority in importance in determining patient's discharge in ICU. 
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For the score of the sickness scoring system, for example, APACHE score, it 
could provide the global picture ofthe condition ofthe patient. It could also give the 
information of predicting the outcome ofthe patients and therefore information ofthe 
discharge of the patients. Moreover, it was suggested that the trends of the score of 
sickness scoring system could provide an indicator for prioritization on the discharge 
ofthe patients within ICUs. 
However, as shown in the findings in the interviews, the decision on patients' 
discharge in ICU was also affected by other factors including ethical consideration, 
family attitudes, social factors, bed availability, rehabilitative value ofthe patients and 
so on which were difficult to be quantified in the computerized system. 
Nevertheless it was expected that executive information system (EIS) would 
provide a significant assistance in decision-making on discharge of the patients' in 
ICU. 
Preferred Information Presentation Formats And Channels 
The organization and display of workstation screens and printed reports are 
essential to the care ofthe patient and to the acceptance ofthe system by the clinical 
team With an integrated database many options should be available, and the data 
should be organized in different formats for different functions and purposes. The 
preference ofthe clinical care providers is crucial because they are the primary users. 
In this study, most ofthe subjects would like to have self-operating on-demand 
visual display reports either alone or supplemented with on-demand hard copy reports 
as the preferred means to obtain the information that they required. 
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There is no unique format of visual display, graphs, tables and charts to be used 
to show trends or to correlate information. Due to the fact that most of the patients 
only stayed in ICUs of short duration, 'trends' display format might not be too useM 
in these patients and thus the formats of the report were dependent on the situation of 
the problems and the preference of the end-users. 
As derived from the interviews, the report generation or the visual display 
should have the following characteristics: 
1) variable formats 
_ flow charts, summary reports, unit reports, and similar reports must be readily 
available from the EIS. In the appendix, FIGURES 6 to 9 show the examples of the 
preferred visual display. Its use is to have the data reviewed and used for decision-
making. It is important that data from a wide variety of original sources are presented 
in a clear and legible maimer. 
2) multiple data availability 
_ once the patient's record is in EIS, the information must be available 
simultaneously at multiple sites. Clinicians can review those data from any terminal 
connected to the system but not just limited to the terminal of a particular patient. 
3) free data communications 
_ data communication is essential because a patient's care is seldom limited to 
the primary care clinicians. Specialists, in addition to respiratory therapists, dietitians, 
and nurses have become an integral part ofthe health care team in ICU. 
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4) avoiding redundancy 
-by having the con^uter capture the record in electronic form and transmit the 
data to appropriate patient files, redundant and inefficient data entry can be eliminated. 
When clinicians chart their clinical procedures by conqmter, the computer 
automatically acquires management information and thus reduces the manual work 
such that a higher percentage of clinicians' times could spent on patient care. 
5) standardized structure of reports 
-computer-generated reports are highly structured. It can be illustrated from 
FIGURE 10. Because their format is standardized and predictable, structured reports 
are efficient reviewing patients' data. In addition, the system can put more information 
on a con^uter terminal or on a printed report than most people ill review. 
6) accuracy 
-computer data are generally entered by means of an interactive mode. The 
com$mter terminal pron^ts the user to enter data in a prescribed format. Thus, as data 
are entered, a predefined set of rules is applied to validate the data and prevent errors. 
If errors occur, immediate feedback is given to the user, and data entry error can be 
quickly corrected. 
7) current information updating continuously 
- t h e data flow into the critically ill patient's record takes place almost 
continuously. A cMcian wanting the latest information about a patient can review the 
data from a computer terminal. Having the terminals at the bedside allows the 
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clinicians to make the data entry and review patient-specific information. Moreover, it 
is suggested that the terminals should install with memory capability to store current 
information about a patient in its local memory such that the information, for exart^le 
drug prescription and treatment plan, can be quickly reviewed and efficiently charted 
electronically. 
On evaluation and commentary on the samples of visual display (APPENDIX 
2), all the interviewees did satisfy the formats ofthe presentation. But they commented 
that the formats should be as flexible as possible and should not include too many 
information in one screen. However, if the report generated was used in the grand 
round, the san^le report (FIGURE 10) could provide a global view of the patient 
during the service round. 
Finally, it was interesting to note that junior staff witli working experience in 
ICU less than one year (TABLE 3) would tend to include all categories of information 
whereas senior staff would selectively choose those information that they thought 
would be useful in the decision-making. It reflected the fact that junior staff would 
prefer to have all information available before they could safely make a decision on 
patients' discharge in ICU. On the contrary, senior staff tended to select those 
information that they thought being useful. It is postulated that the working e^erience 
in ICU will have a significant influence on the respondents' information requirement. 
However, in Hong Kong, several junior staff are guided by only one senior doctor in 
the ICU setting of most hospitals. In other word, most ofthe time the decision making 
on patients' discharge is usually made by the junior staff. 
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Though it is suggested that in the future determining EIS information 
requirements is better to include those subjects who have good enough experience than 
those who are lack of any experience or being new in the working environment, we 
should not neglect the information requirement for the junior staff because they are 
actually the primary user in most ofthe time and they have often made the decision on 
patients' discharge. Therefore, it is strongly supported the view that both the 
information requirement and the presentation format of visual display should be 
'flexible' by all means to meet the requirements of different primary end-users. 
Evaluation On Information Requirements Determination For An EIS 
During the study, there were some potential problems associated with 
determining the information requirements for an EIS. Firstly, in our study we had 
decided to use both the questioimaires and the interviews to determine the infonmtion 
requirements for an EIS in ICUs. It was observed that most ofthe respondents initially 
tried to include all the data and information in the questionnaires to put into their 
expected EIS but as we looked into the ranking ofthe individual categories ofthe data, 
there were different levels of relative importance for each categories of data. 
Therefore, if fiirther study is going to be done to obtain more information in this field, 
it is recommended that the questions in the questionnaires should be designed such 
that each item of categories of data can be graded in the level of importance or 
significance in order to avoid the respondents abusively to include all the data into EIS 
without selecting those which are really essential and important. 
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Secondly, in the interviews the executives (i.e. consultants and senior medical 
officers) who were the end users of an EIS sometimes showed difficulties to articulate 
all of their information requirements or to give enough amoimts of time to the 
interviewers. Although the interviewer had enough medical knowledge to understand 
their expression, it was found that the interviewer could not con^letely receive their 
views because the interviewer was not really involved in their daily work. Thus it is 
highly recommended that the EIS analyst should have not only the basic knowledge of 
the information concerned but also the working experience in the environment in which 
the information will be generated. The analyst may have problems understanding the 
utilizing system because of a lack of familiarity with executive work. Consequently, 
special attention should be given to using analysts with strong working backgrounds, 




It was found that most of the clinicians in ICUs were not satisfy with their 
existing information system including the information qualities, information access 
characteristics, and means of channels. The priority for in^rovement was to be user-
Mendly (convenient), reliable and fast in response (immediate). In terms of 
information qualities, it should be accurate, reliable and relevant. 
Most ofthe clinicians believe that a decision aided system such as an EIS will 
help them to make decisions on patients' discharge in ICU. However, they were not 
aware of any EIS being used in their hospitals. 
In our study, we found that the critical success factors (CSFs) in determining 
the discharge of patients were the scientific-diagnosis related information and the score 
ofthe sickness scoring system. Within the scientific-diagnosis related information, 1) 
bedside monitoring data including heart rate, blood pressure, cardiac output, cardiac 
rhythm, ECG, respiratory rate, temperature and oximetry; 2) laboratory data including 
biochemical, hematological, microbiological and pathological results; and 3) blood 
gases were considered as the most essential elements in decision-making. In addition to 
these infonmtion, the score of the sickness scoring system also provides a global 
picture ofthe condition ofthe patient. Thus the trend ofthe score of different patients 
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does give an indicator (i.e. prioritizing the patients) on the discharge of the patients 
within ICUs; whereas the spot check of the score could provide an instant comparison 
of the patients in ICUs pending to be discharged with those patients outside ICUs 
pending to be admitted. 
However, as illustrated in the part of interviews with the seven respondents, the 
decision-making on the discharge of the patient in ICU was not only influenced by the 
scientific-diagnosis related information but also affected by other factors including 
ethical consideration, family attitudes, social factors, bed availability, rehabilitative 
value of tke patients ... etc.. 
But as stated by an interviewee, there had been proven evidences indicating 
that the serial predictions of the prognostic scores might have clinical utility to predict 
outcomes and thus help to make decision on patients' discharge. 
It is expected that executive information system (EIS) based on the above 
mentioned critical success factors (CSFs) would provide a significant assistance in 
decision-making on discharge of the patients in ICU. 
Filially, the information access methods are expected to be reliable, fast and 
user-fiiendly. The reports generated from the EIS should be an on-demand visual 
display; regardless whether it is self-operating alone or it is supplemented with hard-
copying printing. The systems should be feasible such that variable formats can be 
provided to meet the needs of the end-users. Also, graphical display of trends for 
decision variables proven effective for business EIS was less significant in the ICU 
situation due to the relative short duration of stay of each patient in Intensive Care 
Unit. 
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CHAPTER V n 
FUTURE DIRECTION OF DECISION SUPPORT IN INTENSIVE CARE 
This study has confirmed that executive information system (EIS) can play an 
important role on decisions of patients' discharge in ICU. We have further determined 
the clinical information requirements for such an EIS. 
However, in the fixture clinicians will continue to be called on to make difficult 
ethical decision regarding the appropriateness of initiating, limiting and withdrawal 
care. They have been forced to face the legal as well as the ethical liabilities and 
situations will become even worse while what is legal may not be ethical. Clinicians 
must become more active in advocating and publicizing medical standards. 
It has been indicated [Carlson and Carlson 1992] that the failure to adequately 
consider these ethical components may need to decisions made which, although 
optimized with respect to organization criteria, are suboptimized with respect to the 
ethical standards ofthe individual, organization, and society. 
The interaction of an EIS with the ethical decision making process has several 
practical indications. It is expected that use o f a D S S with an ethical model may be a 
means by which the organization can influence the ethical decision making process as 
organizations attempt to become more ethical. Furthermore, this may provide the 
organization with a way to increase the level of cognitive moral development at which 
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decisions are made and imqprove the ethicality of decision making in order to avoid 
negative consequences. Finally the potential for DSS use to increase the consistency 
between one's ethical judgment and his or her actual behavior may offer the 
organization the tangible application of ethical principles in organization behaviors. 
In brief corq)uter-assisted decision support for the care of critically ill patients 
is inevitable, but much more challenging than the use of computers in other industries. 
The need to deliver cost-effective and medically effective critical care will bring 
computers to the ICU bedside. In the end, this will become a simple business decision, 
one in which higher quality and lower cost are achieved through automation. The 
demands for these kinds of improvements in medical practice are converging on a 
con^uter industry that is begiiming to deliver inexpensive, high-powered computer 
systems and networks to hospitals. Our patients will be the beneficiaries of this 
progress, which, though slow, remains inevitable. 
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APPENDIX 1 
A SAMPLE OF 
HOSPITAL INFORMATION SYSTEM REQUIREMENT SURVEY 
QUESTIONNAIRE 
. 
_ 6 1 
e f i ^ ^ S 1 THE CHINESE UNIVERSITY OF HONG KONG 
i 
^ “ fiOq fiOOO T E L E G R A M • S INOVERSITY iife ^ r ^ IH • U U i • 
SHATIN . NT • HONG KONG . TEL.: • ^ ” L 
4 
'I 
MBA Programmes Tel. 609 7783 
Faculty o f Business Adminis trat ion 722 5808 (Town centre) 
1 
Student MBA Projects 
Hospital Information System Requirement Survey 
Questionnaire 
Introduction i 
I am a MBA student currently studying at the Chinese University of Hong Kong. My 
research project is in the area of executive information systems and us role in the 
discharge of patients in Intensive Care Unit (ICU). The ann of the research is to 
determine the information requirements for clinicians in decision making on patients' 
discharge in ICU. The result ofthe research will enable hospital information systems 
i to be better designed with effective information to enhance clinicians' professional 
work. As an integral part of my research, I am conducting this questionnaire survey. 
Your answer to this survey will be critical for the success of this research. Please 
kindly spare a few minutes to complete this questionnaire. 
The purpose of this questionnaire is to survey and characterise the information 
requirements which are considered as critical success factors for decision-making on 
the patients' discharge and the preferred information channel in hospital settings. 
Individual replies to this questionnaire will be treated as confidential. All the 
information thus obtained will be used in a research study 'Executive Information 
Systems - Its Role in Decision-making on Patients' Discharge in Intensive Care Unit" 
only. 
Thank you in advance for your participation. When you have completed “le 
questionnaire, please send it back to me or mail it as indicated. A copy ofthe results 
ofthe survey w ^ be available to you on request. 




MBA Programme (Part-time) 
The Chinese University of Hong Kong 
Address: Department of Medicine, Yan Chai Hospital, Tsuen Wan, NT. 
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T. Background 
1. What is your current job position? 
a. Consultant b. Senior Medical Officer c. Medical Officer d Others 
2. In which department/division are you working? 
a. Intensive Care Unit h. Medical Department c. Surgical Department d. 
Others 
3. How long have you held your current job position? 
years and months 
4. How long have you been in this hospital? 
years and months 
5. Please circle your choice. 
(a) How often do you use computers for your own purposes? 
very often often seldom never 
(b) How often do you use con^uters in your daily job? 
very often often seldom never 
(c) Do you think decision supporting systems will help you to make decision on 
patients' discharge in ICU? 
yes no 





Please circle your choice. 
1. How satisfied are you with the current channel of distributing the necessary 
information to the clinicians? 
very satisfied satisfied no comment dissatisfied very dissatisfied 
• _ • _ • _ _ • • _ _ • • • • _ • • • • • • • _ _ • • 
2. Have you come across any hospital information systems before? 
yes no 
If yes, please answer the foUowings: 
(a) How satisfied are you with the information system in fulfilling the information 
qualities (accurate, comprehensive, relevant, reliable, timely, or unique)? 
very satisfied satisfied no comment dissatisfied very dissatisfied 
(b) How satisfied are you with the information system in fulfilling the information 
access characteristics (convenient, controllable, immediate, inexpensive, responsive, or 
reliable)? 
very satisfied satisfied no comment dissatisfied very dissatisfied 
(c) On the whole, kow satisfied are you with the existing information system? 
very satisfied satisfied no comment dissatisfied very dissatisfied 
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III. Information Demand 
1. Please rank the following mformation qualities according to their significance in 
helping to do your job better. (Please circle your choice) 
least 1 2 3 4 5 most 
(a) accurate 1 2 3 4 5 
(b) cort^rehensive 1 2 3 4 5 
(c) relevant 1 2 3 4 5 
(d) reliable 1 2 3 4 5 
(e) timely 1 2 3 4 5 
(f) unique 1 2 3 4 5 
2. If your hospital is going to install a con^uterised clinical information system to aid 
decision-making in the Intensive Care Unit, what information you think should be 
included in order to facilitate your decision on the discharge of patients? Please 
indicate your attitude towards the following types of information. (Please circle your 
choice) 
(a) Current patient-related mformation (including admission diagnoses and chief 
complaint) 
Strongly Agree Agree Indifferent Disagree Strongly disagree 
(b) Historical patient-related mformation (including drug history and past, medical 
illness) , 
Strongly Agree Agree Indifferent Disagree Strongly disagree 
(c) Patient's demographic information (including sex, age, & family history) 
S_gly Agree Agree Indifferent Disagree Strongly disagree 
(d) Medicine-related information (including current prescription and medicine side-
c f i f ec t s^ 
strongly Agree Agree Indifferent Disagree Strongly disagree 
(e) Scientific-diagnosis related information (including bedside monitor, laboratory data, 
blood gas, drugs-input/output IV observations) 
StronglUgree Agree Indifferent Disagree Strongly disagree 
(f) APACHE Score or other scoring system (e.g. MOF Score) 
sLnglyAgree Agree Indifferent Disagree Strongly disagree 
I 
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3. Please rank the following items according to their relative importance in helping you 
to make decision on patients' discharge in ICU. (Please circle your ckoice) 
least 1 2 3 4 5 most 
(a) Current patient-related information (including 
admission diagnoses and chief con^laint) 1 2 3 4 5 
i 
(b) Historical patient-related information (including 
drug history and past medical illness) 1 2 3 4 5 
(c) Patient's demographic information (including sex, 
age and family history) 1 2 3 4 5 
(d) Medicine-related (including current prescription 
and medicine side-effects) 1 2 3 4 5 
(e) APACHE Score or other scoring systems 1 2 3 4 5 
(f) Bedside monitor (including heart rate, blood 
pressures, cardiac output, cardiac rhythm, ECG, 
respiratory rate, ten^erature, oximetry) 1 2 3 4 5 
(g) Laboratory (e.g. electrolytes, white count, 
differential, cultures, coagulation, lactate, enzymes, 
drug levels, haematocrit-haemoglobin, 
metabolic/nitrogen balance, etc.) 1 2 3 4 5 
(h) Blood gas (including pH, PCO2, HCO3, BE, 
PO2, Sat02, O2 content, FiCb) 1 2 3 4 5 
(i) Dmgs-input/output IV (including medications, 
intravenous feeding, fluid balance, urine output, 
energy balance) 1 2 3 4 5 
(j) Observations (including cardiac examination, 
respiratory parameters (weaning), neuro-psychiatric 
assessment, weight change, GI examination, gram 
stains, skins & extremities) 1 2 3 4 5 
(k) Other investigations (including X-ray, 
ultrasonography, CT scan, EEG, etc.) 1 2 3 4 5 
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IV. Preferred Information Channel 
1. Please rank the mformation access characteristics according to their significance in 
helping to do your job better. (Please circle your choice) 
least 1 2 3 4 5 most 
(a) convenient 1 2 3 4 5 
(b) controllable 1 2 3 4 5 
(c) immediate 1 2 3 4 5 
(d) inexpensive 1 2 3 4 5 
(e) responsive 1 2 3 4 5 
(f) reliable 1 2 3 4 5 
2. From tke list below, please circle the most preferred means to obtain the information 
that you require. (ONE choice only) 
A. Regular hard print report(s) 
B. On-demand hard-copy report(s) 
C. On-demand visual display report(s) (through operator) 
D. On-demand visual display report(s) (self-operating) 
E. Mainly A, supplemented with C 
F. Mainly A, supplemented with D 
G. Mainly B, supplemented with C 
H. Mainly B, supplemented with D 
I. Mainly C, supplemented with A 
J. Mainly C, supplemented with B 
K Mainly D, supplemented witk A 
L. Mainly D, supplemented with B 
M. Others: 
** End of Questionnaire ** 
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APPENDIX 2 
SAMPLES OF VISUAL DISPLAY * 
FIGURE 6 - This display provides the APACHE predicted risk of active treatment and 
probability of discharge alive for the 6 ICU beds. 
FIGURE 7 _ This display provides further insight into the clinical details for two 
patients in the ICU. Information includes patient and primary physician, nurse, age, 
hospital and ICU length of stay to date, treatment category (low risk active 
treatment),diagnosis, surgical status, and APACHE scores for admission and current 
acute physiology as well as chronic health. Predictions for current and future TISS and 
outcome are provided. Mortality risk trends are presented grapMcally. 
FIGURE 8 - This display is an exan^le ofthe APACHE management system hospital 
mortality review. The graphic display provides a hospital's actual mortality rate by risk 
ranges. 
FIGURE 9 - This display subsets the information provided in the previous display by 
type of services. 
* adapted frnm Deckinn Support Systems in Critical Care, Shabot and Gardner, 1994, 
pp. 252 256. 
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A SAMPLE OF FORMAT OF A STRUCTURED REPORT * 
FIGURE 10 - This display provides a structured ICU rounds report showdng the 
inoyportant items of patient's data. 
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